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INTRODUCTION 
Temporal demands in the operating theatre (e.g. unexpected bleeding) increase cognitive workload and may 
impair surgical performance1. Our prior work suggests that during temporal stress, senior surgeons maintain 
technical performance and demonstrate sustained prefrontal cortical (PFC) activation, whereas performance 
degradation and relative PFC disengagement typify junior surgeons2. The aim of random effect modelling 
(REM) was to account for clustering in repeated measures data to further clarify the impact of surgical expertise 
and time pressure on the prefrontal haemodynamic response.  
 
METHODS 
28 surgical trainees (15 junior trainees, 8 intermediate trainees, and 5 senior trainees) performed a laparoscopic 
(key-hole) knot tying task under two conditions: (1) “self-paced” (SP), in which trainees were permitted to 
take as long as required to tie each knot, and (2) “time pressure” (TP), in which a maximum of 2 minutes were 
allowed. Each subject performed the task 5 times under each condition with inter-trial rest periods of 30 
seconds. Subjective workload was quantified using the Surgical Task Load Index (SURG-TLX). A 24-channel 
optical topography system (ETG-4000, Hitachi Medical Corp., Japan) was used to measure prefrontal changes 
in oxyhaemoglobin (HbO2) and deoxyhaemoglobin (HHb) concentration. Technical skill was assessed using 
task progression scores (au), error scores (mm), leak volumes (ml), and knot tensile strengths (N). REM 
analysis was carried out to appreciate the influence of expertise (junior vs intermediate vs senior) or condition 
(self-paced vs time-pressure) on task-induced changes in cortical haemodynamics (ΔHbO2 or ΔHHb). 
 
RESULTS 
In junior and intermediate trainees, TP led to an increase in subjective workload (mean SURG-TLX score: 
junior trainees: SP=160.27 vs TP=202.07, p<0.001; intermediate trainees: SP=123.00 vs TP=172.50, p<0.01), 
and a significant deterioration in performance (mean normalised performance score: junior trainees: SP=0.53 
vs TP=0.38, p<0.01; intermediate trainees: SP=0.52 vs TP=0.43, p<0.05). In contrast, no change in subjective 
workload (p=0.055) was observed amongst senior trainees who demonstrated no overall performance 
deterioration (p=0.116) under time pressure. In both self-paced and time pressure conditions, expertise was 
observed to be a predictor for ΔHHb (self-paced: z = -2.65, p = 0.008; time pressure: z = -1.99, p = 0.047). 
Among junior and intermediate trainees, condition was found to be a predictor for ΔHbO2 (z = -2.84, p=0.004) 
and ΔHHb (z = 4.52, p <0.001) respectively. Whereas in senior trainees, condition was not a predictor for 
either ΔHbO2 (z = 0.09, p = 0.925) or ΔHHb (z = 0.07, p = 0.944).  
 
DISCUSSION 
Senior trainees are better able to cope with intra-operative cognitive demands and stabilise their performance 
under pressure, perhaps due to enhanced PFC recruitment and task engagement. Future work will seek to 
develop cognitive training strategies that will maintain task engagement among more junior trainees, allowing 
them to improve performance under pressure. 
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